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[57] ABSTRACT

In an anti-skid braking system a supply of operating
fluid from a master cylinder to a vehicle brake 1s modu-
lated in accordance with skid signals from a skid sensing
mechanism. The system incorporates an hydraulic
pump of the double-acting type having a plunger work-
ing in a bore and a working chamber which is in com-
munication with a modulator assembly adapted to con-
trol brake application following skid correction.

23 Claims, 8 Drawing Figures
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1

HYDRAULIC ANTI-SKID BRAKING SYSTEMS
FOR VEHICLES

This invention relates to hydrauhc anti- Skld braking
systems for vehicles of the kind in which a supply of
operating fluid from a supply to a vehicle brake is mod-
ulated by a modulator assembly in accordance with skid

4,401,348
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signals from skid sensing means, and an hydraulic pump

incorporating at least one plunger working in a bore has
a working chamber which is in communication with the
modular assembly to control brake re-application fol-
lowing skid correction.

An anti-skid braking system of the kind set forth is
disclosed in our U.S. Pat. No. 4,340,258 which is equiv-
alent to G.B. No. 2,029,941 published Mar. 26, 1980. In
that system the pump is operable only to re-pressurise
an expansmn chamber following correction of a skid.
This is achieved by the provision of disabler means for
preventing the plunger of the pump from engaging with
a drive until the dump valve, disposed between the
expansion chamber of a modulator assembly for modu-
lating the supply of operating fluid to the brake and a
reservoir for fluid, has opened. Specifically the pump
plunger is of differential outline adapted to work in a
stepped bore with the end of greater area exposed to the
operating fluid and the end of smaller area being enga-
gable with the drive, and the disabler means comprise a
spring for urging the smaller end of the plunger away
from the drive in combination with the pressure in the
working chamber which is generated by the operating
pressure and which acts over an area of the plunger
equal to the difference between opposite ends of the
plunger. In such a construction pumping takes place
upon movement of the plunger in one direction only, in
which direction the pump force is generated by the
supply of operating fluid, suitably a master cylinder,
acting over the larger area of the pump plunger. During
the induction stroke the pump plunger i1s moved. in the
opposite direction by the drive and against the force
generated by the master cylinder and fluid is displaced

back to the master cylinder. This subjects the hand, in

the case of a motor cycle, to considerable pulsations.

In some installations a compromise must be reached
between the magnitude of the pulsations and the speed
~ of brake re-application which is determined by the out-
put from the pump. o -

- According to our invention, in an hydrauhc antl-skld
braking system of the kind set forth the pump is of the
double-acting type to provide at least two pump deliv-
ery strokes for each pump cycle
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warn the rider of a motor cycle of adverse road condi-
tions. |
Preferably the pump plunger is of differential outline
working in a stepped bore, the end of smaller area of the
plunger being exposed to the reservoir, the end of
greater area being exposed to the working chamber, a
first one-way valve permitting flow into the work
chamber from the reservoir upon movement of the
plunger in a first direction towards a drive mechanism,
a second one-way valve permitting flow into the expan-
sion chamber from the working chamber upon move-
ment of the plunger in a second opposite direction, and
a drive piston which may be an extension of the plunger
for urging the plunger in the said first direction, the
drive piston may be exposed at one end to the pressure
in the working chamber and at the opposite end to the
supply of Operatlng fluid or if an extemsion of the
plunger it is only exposed to the supply of operating
flmd. |

The smaller end of the pump plunger is spring loaded
away from the drive mechanism by a tappet which has
the reservoir on one side only and atmosphere at the
end adjacent to the drive mechanism. Alternatwely the

tappet may be integral with the pump plunger.
The first one-way valve comprises a valve member

adapted to be urged by a spring against a seating in the

pump plunger, and the second one-way valve may com-

prise a valve member for engagement with a seating on
the opposite side of a seal on the pump plunger from the

first one-way valve. Alternatively the second one-way

valve may comprise a valve seal on the pump plunger
for permitting flow past that seal in response to move-

“ment of the pump plunger in one direction, a passage

leading to the expansion chamber from the stepped bore
at a position between the valve seal and a second seal
between the bore and the portion of the plunger which
is of smaller area and through which fluid is pumped
past the valve seal upon movement of the plunger in the
said second opposite direction and by the plunger itself
upon movement of the plunger in the said first direc-

- tion, with the second one-way valve in a closed pOSi-
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This eases the compromise discussed above between

brake re- appllcatmn rate and the magnltude of the pu]-
sations. .

The pump may be prowded with two plungers of 55

equal size which are oppositely arranged on opposite
sides of a central drive. In such a construction the pulsa-
tions may be eliminated. If a degree of pulsation is re-
quired this can be achieved either by varying the rela-

tive sizes of the plungers or by varying the relative

angular posmons of the plungers.
However, in .a preferred construction, the double-

60

acting pump has a single plunger which is urged in one -

of two opposite directions by the supply of operating
fluid and in the other of the said two opposite directions
by the drive. - |

This enables us to prowde, in a relatwely cheaper
pump, a predetermined degree of pulsation sufficient to

65

tion. -

Our invention is partlcularly suitable for use in anti-
skid braking systems in which the modulator assembly
incorporates an expansion chamber to which the work-
ing chamber of the pump is connected, and a dump
valve is disposed between the expansion chamber and
the reservoir for fluid, the dump valve being movable
by the skid sensing means between a normally closed
position in which the expansion chamber is pressurised
so that the modulator assembly is held in a first position
permitting operating fluid to be supplied to the brake
and an open position when the skid signal is received
whereby the pressure in the expansion chamber is re-
duced so that the modulator assembly can move 1nto a
second position to cut-off communication between the
supply and the brake and subsequently reduce the pres-
sure of fluid supplied to the brake. In such a construc-
tion the outlet port is connected to the expansion cham-
ber. |
The area of the drive piston is normally equal to or
greater than the difference between the two areas of the
pump plunger. This ensures that the modulator assem-
bly is positively held in the first position and reduces the
magnitude of pulsations fed back to brake applying -
means, suitably a pedal or a lever for operating an hy-
draulic master cylinder, is reduced.
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Some embodiments of our invention are illustrated in
the accompanying drawings in which:

FIG. 1 1s a transverse section through a combined
modulator and skid sensing assembly for an hydraulic
anti-skid braking system suitable for a motor-cycle;

FIG. 2 i1s a section on the line 2—2 of FIG. 1.

FIG. 3 i1s a section similar to FIG. 1 but Incorporating
a modified hydraulic pump:

F1G. 4is a plan of a modified seal for use in the assem-
bly of FIG. 3:

3
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FIG. 5 is a section through the seal in its position of

use;

FIG. 6 is a longitudinal section through another hy-
draulic pump.

FIG. 7 is a view similar to FIG. 6 but showing a
modification; and

FIG. 8 is another view similar to FIG. 6.

The assembly illustrated in FIGS. 1 and 2 of the

15

drawings comprises a housing 1 incorporating a modu- -

lator assembly 2, an hydraulic pump 3 and a pressure
dump valve 4. A longitudinally extending shaft 5 pro-
jJecting at opposite ends from the housing 1 is coupled at
one end to the wheel and at the other end carries skid
sensing means 6 in the form of a flywheel assembly 7
which is enclosed within a cylindrical guard 8 carried
from the adjacent end of the housing 1.

20
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The dump valve 4 comprises a valve member 72

which is guided to slide in a bore 73 and which is en-
gageable at its inner end with a seating 74 in a closed
position.

The flywheel assembly 3 comprises a flywheel 76
which is journalled for rotation on a bearing 77 on the
shaft §, a radial thrust member 78 in the form of plate

30

which is keyed against relative rotation and axial move- -
ment with respect to the end of the shaft 5 by means of 35

a woodrutf key 79 and a constellated nut 80 which is
screwed end to end of the shaft 5 and acts on the thrust
member 78 through an washer 81, and a ball and ramp
mechanism 82 clamped between the thrust member 78
and plain face 83 at the base of an annular recess in the
adjacent end of the flywheel.

The ball and ramp mechanism 82 COmprises an anmni-
lar, reaction plate 84 which encircles, and is mounted
on, the hub 85 of the flywheel 76 by means of a one-way
drive unit and overrun clutch comprising a ratchet and
pawl device 86 which is located between the face 83
and the plate 84. -

The plate 84 engages at one end with the face 83 to
form a friction overrun clutch biassed by a compression
spring 87 and at the other end has a plain face in which
1s located a series of angularly spaced recesses 88 corre-
sponding with, and superimposed upon, complementary
recesses 89 in the adjacent face of the thrust member 78.
Balls 90 are disposed in corresponding pairs of the re-
cesses 88 and 89.

An annular clearance 93 is provided between the hub
85 and the plate 84 so that the plate can move radially
through a limited distance to compensate for tolerance
variations in the mechanism 82.

The dump valve 4 is normally closed and is operated
by a lever 91 which is pivotably mounted at an interme-
diate point in its length on the housing 1. The spring 87
acts on the lever 91 to urge it at its outer end in a direc-
tion to hold the dump valve 4 closed with the valve
member 72 in engagement with the seating 74, and the
inner end of the lever 91 is normally spaced from a plain
thrust washer 92 upon which the adjacent inner face of
the flywheel 7 acts.
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When the wheel is rotating in a “brakes-off” condi-
tion, or when the brake is applied normally in a non skid
condition, the thrust member 78 rotates with the shaft 5,
and the flywheel 76 is driven with it at the same speed
through the ball and ramp mechanism 82, and then to
the ratchet and paw! device 86.

If the deceleration of the wheel is excessive, the speed
of rotation of the shaft 5 is reduced suddenly. However,
due to its inertia, the flywheel 76 runs on and thus

causes relative rotation to take place between the thrust
member 78 and the reaction plate 84. The balls 90 ride

up ramps comprising end walls of the recesses 88 and 89
sO that simultaneously the reaction plate 84 and the
flywheel 76 move axially relatively away from the
thrust member 8. This moves the lever 91 angularly to
permit the dump valve 4 to open with the valve member
72 moving away from the seating 74 and affect relief of
the brake-applying fluid pressure in a manner hereinaf-
ter to be described.

Once the dump valve 4 has been opened fully, the
reaction plate 84 rotates with the thrust member 78 to
maintain the ball and ramp mechanism 82 in the ex-
panded condition, but the flywheel 76 is permitted to
rotate relative to the reaction plate 84 by slipping the
device 86. Thus the flywheel 76 decelerates at a rate
determined by the torque sustained by the overrun
clutch and the rate of deceleration of the shaft 5.

Following brake release, the wheel will reaccelerate

and as the wheel speed again approaches more closely

the speed of rotation of the flywheel 76, the flywheel 76
can be moved angularly and axially in the opposite
direction by the force in the spring 87, so that the com- |
ponents of the mechanism are returned to the position
shown in the drawings, and the brakes can be re-
applied. |

The modulator assembly 2 comprises a bore 9 in
which works a piston 10 which is normally urged into
an Inoperative position against a stop 11 by a spring 12.
In this position the piston 10 urges a spring-loaded ball
13 away from a seating 14 to place an inlet port 15 for
connection to an hydraulic master cylinder 16 in com-
munication with an outlet port 17 for connection to a
brake associated with the wheel which drives the shaft
5. The dump valve 4 is in communication with that end
of the bore 9 which is remote from the valve 13, 14.

The pump 3 comprises a tappet 20 of stepped outline
of which the end of smaller area works through a seal 21
In the housing 1 and is urged by a spring 22 away from
the drive mechanism comprising a ring 23 which is
freely rotatable on an eccentric portion of the shaft 5. A
pump plunger 24 comprising a differential piston work- -
Ing in a stepped bore 25 is adapted to be engaged at its
end of smaller area by the tappet 20 and at its end of
greater area by a drive piston 26 working in the bore of
a sleeve 27 of cup-shaped outline which acts as a closure
for the end of the bore 25 which is of greater area. The
end of the drive piston 26 remote from the plunger 24 is
exposed to the pressure in the master cylinder 16.

The inner end portion of the pump plunger 24 which
1s of smaller area carries an ‘O’ ring seal 28 engaging
slidably with the complementary portion of the bore 25
and the portion which is of greater area carries a lip seal
29 engaging slidably with the complementary portion of
the bore 25. A secondary working chamber 46 is de-
fined by the annular volume bounded by the bore 25,
the plunger 24, the seal 28, and the seal 29.

A primary working chamber 30 is defined in the
plunger 24 and the bore 25 between a first one-way
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valve 31 in the plunger 24, the drive piston 26, and a

second one-way valve constituted by the lip seal 29
controlling flow through ports 32 in the end of the
plunger 24 which is of greater area.

‘The lip seal 29 area permits flow from the primary
working chamber 30 to the secondary working cham-
ber 46, which 1s connected by a passage 33 to the dump
valve 4. The first one-way valve 31 comprises a ball 34

which is normally urged by a spring 35 in a direction to
engage with a seating 36 in the plunger 24 to isolate the
primary working chamber 30 from communication with
a port 37 connected to a reservoir 38 through supply
passages 39 1n the tappet 20.

An expansion chamber 18 is defined by that portion
of the bore 9 between the piston 10 and the dump valve
4, the passage 33, and the secondary working chamber
46.

A return passage 40 to the reservoir 38 communicates
with the expansion chamber 18 when the dump valve 4
IS open. '

The area C of the drive piston 26 is equal to or greater
than the difference in area between the area A and B of
the greater and smaller area ends of the plunger 24.

When the wheel is rotating in a *“brakes-off” condi-
tion, the dump valve 4 is closed to cut-off communica-
tion between the reservoir 38 and the expansion cham-
ber 18. The plunger 24 is held in an inoperative re-
tracted position shown, by the fluid trapped between
the dump valve 4 and the lip seal 29 which constitutes
the second one-way valve, and by the spring 22. Thus
the pump 3 1s disabled and no pumping can take place.

During normal braking fluid from the master cylinder
16 1s applied to the brakes through the ports 15 and 17,
and through the clearance between the ball 13 and the
seating 14. In addition the pressure from the master
cylinder 16 acts on the drive piston 26 to urge it, and the
pump plunger 24, relatively towards the ring 23. How-
ever this causes the plunger 24 to create a higher pres-
sure in the expansion chamber 18. Thus the pump 3
remains disabled and the plston 10 1s held firmly against
the stop 11.

If the angular deceleration of the braked wheel ex-
ceeds a predetermined value, the skid sensing means 6 is
operative to open the dump valve 4. This relieves the
pressure trapped in the expansion chamber 18, by con-
necting it to the reservoir 38 through the return passage
40. | |

This reduction in pressure causes the piston 10.to be
unbalanced so that it moves to permit the ball 13 to
engage with the seating 14 which cuts off the supply to
the brake. Further movement of the piston 10 in the
same direction expands the brake volume to reduce the
pressure applied to the brake. This same reduction in
pressure in the expansion chamber 18 reduces the force
on the plunger 24 which opposes the force of the pres-
sure from the master cylinder 16 acting on the drive
piston 26. Thus the drive piston 26 and the tappet 20 are
able to urge the plunger 24 relatively towards the ring
23 through a distance sufficient for the tappet 20 to
engage with the ring 23. Thus the plunger 24 is recipro-
cated in the bore 25 by the ring 23 which, in turn, is
oscillated by rotation of the shaft §.

The output of the pump 3 is determined by the stroke
of the plunger 24 multlphed by the areas (A ).

As the plunger 24 is moved towards the ring 23 fluld
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from the reservoir 38 is drawn into the increasing vol- |

ume of the primary working chamber 30 through the
first one-way valve 31, and the lip seal 29 pumps fluid

‘cam 23 and the pump 3 produces a volume of (A

6

from the secondary working chamber 46 into the pas-
sage 33. As the plunger 24 1s moved in the opposite
direction the first one-way valve 31 closes and the fluid
in the primary working chamber 30 is displaced past the
lip seal 29. Since the volume of the secondary working
chamber 46 is less than that of the primary working
chamber 30, some of the displaced fluid passes into the
passage 30. |

The pump 3 1s therefore double-acting to pump fluid
into the passage 33 upon movement of the plunger 24 in
each of two opposite directions.

Whilst the dump valve 4 remains open fluid is
pumped by the pump 3 in a closed circuit from the
reservolr 38, to which it i1s returned.

At the termination of a skid signal the dump valve 4
closes to isolate the expansion chamber 18 from the
reservoir 38, so that the pump 3 is then operative to
increase the pressure in the expansion chamber 18. The
Increase in pressure in the expansion chamber 18 moves
the piston 10 outwardly, to re-pressurise fluid in the
brake line and, if no further skid signal is received, urges
the ball 13 away from the seating to re-establish com-
munication with the master cylinder 16. When the pis-
ton 10 abuts the stop 11 the plunger 24 is moved to the
extremity of the travel of the ring 23 and the pressure of
the fluid trapped in the expansion chamber 18, acting on
the plunger 24 over the lip seal 29, holds the plunger 24
in an inc)perative position as described above, in which
the pump 3 is disabled.

During operation of the pump 3 the magnitude of the
pulsation felt at the pedal or lever operating the master
cylinder 16, which occurs upon movement of the drive
piston 26 in an outward direction towards the closed
end of the sleeve 27, is determined by the stoke of the
pump plunger 24 multiplied by the area C.

For example 1f a skid signal is given and the dump
valve 4 relieves the pressure in the expansion chamber
18, the pump plunger 24 is driven towards the eccentric
_....B)}(..
stroke. However, it draws in from the tank (A —-C)X-
stroke. When the plunger 24 is driven away from the
cam 23 the pump 3 produces a volume of
(B—C) Xstroke. Therefore the output of the pump 3 is
[(A—B)+(B—C)] Xstroke=(A —C) X stroke.

In an alternative arrangement, the seal 29 may be a
plain seal similar to the seal 28, and the second one-way
valve may comprise a spring biassed valve member
adapted to engage a seating formed in a passage be-
tween the primary and secondary working chambers 30
and 46. Such a passage may be provided either in the
plunger 24 or in the housing 1.

In the assembly of FIG. 3 the second one-way valve
incorporated in the pump 3 is of modified construction.
As illustrated the ports 32 are omitted and the lip seal 29
1s replaced by a sealing ring 40 having an internal diam-
eter which is significantly larger than the diameter of a
radial groove 41 in the pump plunger 24 in which it is
recetved, and an axial thickness which is less than the
length of the groove 41 itself. A portion of the plunger
24 at the end of the groove 41 remote from the seal 28
1s provided with a radial relief 42 of which the radial
depth is less than that of the groove 41, and a loose
fitting back-up ring 43 is received in the relief 42. Fi-
nally the wall of the plunger 24 at the end of the groove
41 which 1s adjacent to the seal 28 is provided with a
pair of diametral flats 44.

During movement of the plunger 24 relatively
towards the ring 23 with the one-way valve 31 open the
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sealing ring 40 seals tightly against a face on the plunger
at the lower end of the groove 41, thereby to close the
second one-way valve. During movement of the pump
plunger 24 in the opposite direction with the first one-
way valve 31 closed, the sealing ring 40 moves rela-
tively into engagement with the face on the plunger 24

at the upper opposite end of the groove 41. Due to the
provision of the flats 44 and the back-up ring 43 fluid

can be pumped from the primary working chamber 38
to the secondary working chamber 46 and the passage
33 through annular clearances between the back-up ring
43 and the plunger 24, and between the sealing ring 48
and the plunger 24, and through the flats 44.

The construction and operation of the modulator
iHustrated in FIG. 3 is otherwise the same as that of
FIGS. 1 and 2 and corresponding reference numerals
“have been applied to corresponding parts.

In another construction the flats 44 are omitted and,
as ilustrated in FIGS. 4 and 5, the sealing ring 40 is

10

15

provided on its upper face with a series of castellations 20

45 for engagement with the adjacent face on the
plunger 24 at the upper end of the groove 41.

The pump 3 may be replaced by a pump of the dou-
ble-acting type incorporating two separate plungers
operated by a common drive.

As 1llustrated in FIG. 6 of the accompanying draw-
ings the pump 3 comprises a housing 5¢ having a pair of
co-axial symmetrially arranged, stepped bores 51, 52 of
which the inner ends, which are of smaller area, lead
into a chamber 53 through which the shaft 5 projects.
Pump plungers 54, §5 of stepped ocutline work in the
bores and the inner ends of the plungers 54, 55 are enga-
gable with the ring 23. However, in the normal inopera-
tive position illustrated in the drawings, the plungers 54,
35 are held by compression springs 36, 57 in retracted
positions in engagement with stop faces 58, 59 at the
ends of the bores 51, 52 which are of greater area. In this
position, with the master cylinder 16 inoperative, the
pump J is disabled.

A pumping chamber 60, 61 is defined between each
bore 31, 52 and the portion of each plunger 54, 55 which
~ 1s of greater area and each pumping chamber 60, 61 is
connected to a reservoir 62 through a first one-way
valve 63, 64 respectively, and to the dump valve 4
through a second oppositely arranged one-way valve
65, 66 respectively.

The master cylinder 16 is connected through passages
in the housing 50 to the ends of the bores 51, 52 which
are of greater area so that, when the master cylinder is
operated, both plungers 54 and 55 are urged towards,
and into engagement with the ring 28 with the result
that fluid is drawn from the reservoir 62 and into the
pumping chamber 60, 61 on induction strokes, and is
pumped to the dump valve 4 through the one-way
valves 65, 66 on compression strokes.

The plungers 54 and 55 are 180° out of phase and are
equal in area so that pulsations which otherwise would
be felt at the pedal of the master cylinder 16 are elimi-
nated.

Should a degree of pulsation be required, the plung-
ers may be of different areas, as shown in FIG. 7, or
they may be of equal areas bui lie in a different angular
relationship, as shown in FIG. 8.

The construction and operation of the pumps of
F1GS. 6-8 are otherwise the same as that described
above and corresponding reference numerals have been
applied to corresponding parts. Where used herein the
term “double acting” is intended to cover pumps in
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which more than one pump delivering stroke occurs for
each pump cycle. Thus pumps having more than two
plungers are intended to be covered by this definition.
I claim:
1. An hydraulic anti-skid braking system for a vehicle
having a wheel, comprising a brake for braking the

wheel, a supply of brake-operating fluid for applying
said brake, skid sensing means for said wheel for pro-

ducing skid signals, a modulator assembly for modulat-
ing said brake-operating fluid from said supply to said
brake in accordance with said skid signals, an hydraulic
pump of the double-acting type, said hydraulic pump
having a piston assembly comprising relatively movable
plunger parts, and having a working chamber which is
in communication with said modulator assembly to
control brake re-application following skid correction,
a drive mechanism for said pump, a reservoir for hy-

~draulic fluid, 2 dump valve for controlling fluid in said

working chamber to which said piston assembly is ex-
posed at least after said brake has been applied, said
dump valve being normally closed to hold said piston
assembly in a retracted position in which said piston
assembly is disengaged from said drive mechanism, and
said dump valve being movable in response to said skid
signal to release fluid from said working chamber to
render said drive mechanism operative, fluid-pressure
biassing means operative in conjunction with said drive
mechanism to cause relative movements of said plunger
parts in a pump cycle to draw fluid from said reservoir
in an induction stroke and to deliver fluid to said work-
ing chamber in a delivery stroke to pressurise same
following said skid correction, whereby to re-apply said
brake, and valve means operative in conjunction with
said biassing means and said drive mechanism to pro-
vide at least two delivery strokes during each said pump
cycle.

2. A system as claimed in claim 1, wherein the pres-
sure of said operating fluid comprises the pressure of
said supply.

3. A system as claimed 1n claim 1, wherein said pump
is provided with at least two separate plungers.

4. A system as claimed in claim 3, incorporating a
central drive, wherein said plungers are of equal size
and are opposttely arranged on opposite sides of said
central drive.

5. A system as claimed in claim 4, wherein said plung-
ers are of different sizes. |

6. A system as claimed in claim 3, wherein said plung-
ers are of equal sizes and their axes are relatively dis-
placed. |

7. An hydraulic anti-skid braking system for a vehicle -
having a wheel, comprising a brake for braking the
wheel, a supply of brake-operating fluid for applying
said brake, skid sensing means for said wheel for pro-
ducing skid signals, a modulator assembly for modulat-
ing sald brake-operating fluid from said supply to said
brake in accordance with said skid signals, and an hy-
draulic pump, said hydraulic pump incorporating at
least one plunger working in a bore and having a work-
ing chamber which is in communication with said mod-
ulator assembly to control brake re-appiication follow-
iIng sxid correcticn, a drive mechanism for said pump,
an expansion chamber, and a reservoir for fluid,
wherein said pump has a single plunger which is urged
in one of two opposite directions by said supply of
operating fluid and in the other of the said two opposite
directions by said drive mechanism, and wherein said
pump plunger 1s of differential outline working in said
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bore which is stepped and said pump plunger has an end
of smaller area and an end of greater area, said end of
'smaller area being exposed to said reservoir, said end of
greater area being exposed to said working chamber, a
first one-way valve permitting flow into said working
‘chamber from said reservoir upon movement of said
plunger in a first direction towards said drive mecha-
nism, a second one-way valve permitting flow into said
expansion chamber from said working chamber upon
movement of said plunger in a second opposite direc-
tion, and a drive piston for urging sald plunger in the
said first direction.

8. A system as claimed i in claim 7, wherein said drive
piston is exposed at one end to the pressure in said
working chamber and at the oppomte end to said supply
of operating fluid. -

9. A system as claimed in claim 7, wherein said drive
piston is an extension of said plunger, and said drive
piston is only exposed to said supply of operating fluid.

10. A s}rstem as claimed in claim 7, wherein a spring
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loaded tappet is adapted to urge said end of smaller area

away from said drive mechanism.

11. A system as claimed in claim 10, wherein said
tappet is separate from said plunger, being exposed to
- atmosphere at an end adjacent to said drive mechanism,

and at the opposite end to atmOSphere |
- 12. A system as claimed in claim 10, wherem said
tappet is integral with said plunger.

13. A system as claimed in claim 7, wherein said drive
piston is of an area at least equal to the difference be-
tween the two areas of said pump plunger. |

14. A system as claimed in claim 7, wherein said first |

one-way valve comprises a valve member, a seating in
said pump plunger, and a spring for urgmg said valve
member against said seatlng

- 15. A system as claimed in claim 14, wherein a seal is
provided on said pump plunger and the second one-way
valve comprises a valve member, and a seating on the
opposite side of said seal from said first one-way valve
and with which said valve member is engageable.

16. A system as claimed in claim 14, wherein said
second one-way valve comprises a valve seal on said
pump plunger for permitting flow past that seal in re-
sponse to movement of said pump plunger in one direc-
tion, a passage leading to said expansion chamber from
the stepped bore at a position between said seal and a
second seal between said bore and said portion of said
plunger which is of smaller area and through which
fluid 1s pumped past said valve seal upon movement of
said plunger in the said second opposite direction and
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by said plunger itself upon movement of said plunger in

the said first direction, with said second one-way valve
in a closed posttion.

17. A system as claimed in claim 16, wherein ports are
provided 1n said end of said plunger which is of greater
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area, and satd valve seal comprises a lip seal for control-
ling flow through said ports.

18. A system as claimed in claim 16, wherein said
valve seal comprises a radial groove in said pump
plunger defined between spaced opposite faces, a seal-
ing ring of an internal diameter greater than the external
diameter of said radial groove 1in which it i1s received
and of an axial thickness less than the length of said
groove itself, and said ring is engageable with said
spaced opposite faces of the plunger, a clearance being
provided between said sealing ring and one of the said
faces with said ring engages to permit flow past said
sealing ring when said ring engages with the said one
face in response to movement of said plunger in the said
opposite direction.

19. A system as claimed in claim 18, wherein a por-

tion of said plunger at the end of said groove remote
from the said one face is provided with a radial relief, .
and a loose back-up ring is received in said relief.
- 20. A system as claimed in claim 16, wherein said
clearance is defined by at least one flat on said plunger.
- 21. A system as claimed in claim 16, wherein said
clearance i1s defined by gaps between castellations on
said ring when said castellatlons are in engagement with
the said one face.

22. An hydraulic anti-skid braking system for a vehi-
cle having a wheel, comprising a brake for braking the
wheel, a supply of brake-operating fluid for applying
said brake, skid sensing means for said wheel for pro-
ducing skid signals, a modulator assembly for modulat-
ing said brake-operating fluid from said supply to said

- brake in accordance with said skid signals, and an hy-

draulic pump, said hydraulic pump incorporating at
least one plunger working in a bore and having a work-
ing chamber which is in communication with said mod-
ulator assembly to control brake re-application follow-
ing skid correction, wherein said modulator assembly

-incorporates an expansion chamber to which said work-

ing chamber of said pump is connected, and a dump
valve is disposed between the expansion chamber and a
reservoir for fluid, said dump valve being movable by
said skid sensing means between a normally closed posi-
tion in which said expansion chamber is pressurised so
that said modulator assembly is held 1n a first position
permitting said operating fluid to be supplied to said
brake and a open position when said skid signal is re-
ceived whereby the pressure in said expansion chamber
is reduced so that said modulator assembly can move
into a second position of cut-off communication be-
tween said supply and said brake and subsequently re-
duce the pressure of fluid supplied to said brake.

23. A system as claimed in claim 23, in which an

outlet port is connected to said expansion chamber.
* X %X % ¥
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